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FOREWORD

This report presents the results of research performed under Naval Weapons Center.
China Lake, California Contract NOOI 23-8-)-0033.

The work was sponsored by the JT('(;/AS and conductcd under the direction of
the survivability Assessment Subgroup as Project SA-00 1.

The contractor was Armament Systcms, Inc.

The authors would like to acknowledge the assistance of Carol A. Gillespie,
Code 3381, of the Naval Weapons Center, in the understanding and documentation of the
ASALT programs.
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SECTION I

INTRODUCTION

Due to improvements in laser and tracking technology,

high-energy lasers have become a potential threat to the

survivability of combat aircraft. A method for evaluating

the effectiveness of a ground-based laser weapon system against

an aircraft is provided by the computer program, ASALT,

Assessment of Survivability Against Laser Threats (Reference 1).

This report is the documentation for a benchmark run of the

ASALT Program which has been completed using data for a typical

fighter aircraft. In order to assemble realistic data, the

benchmark process utilized a sequence of several other com-

puter programs also described in this report.

ASALT DESCRIPTION

The ASALT Program is used to evaluate the effectiveness

of a high-energy laser against an aircraft. The laser weapon

system is located in a fixed position and is described by a

flux emission function, aiming errors caused by jitter, and

slewing limits for the tracking mechanism. The target air-

craft is comprised of components which are linked using fault

tree structures. Each component is characterized by a set of

presented areas which vary with different aspect angles, and

a Pk function which increases with rising levels of accumu-

lated irradiation. The aircraft flies a path with designated

1-1
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"can engage" and "cannot engage" intervals determined by

using the Engagement Model (Reference 2). The ASALT Program

also has an atmospheric model used to determine the power

degradation of the laser beam due to interaction with mole-

cules in the air, or with an optional smoke corridor.

Damage to each component is dependent on the total

amount of energy that can be expected to accumulate on the

component. The probability of hitting a component is computed

by determining the rectangular presented area of the anpo-

nent, computing the total standard deviations caused -im-

ing errors and jitter, and integrating a Gaussian prc ' ity

density function, centered at the user-defined aim point,

over the component presented area. The probability of hit

multiplied by the time interval between program iterations

results in the expected time duration that the laser beam

center is focused on the component. The expected time multi-

plied by the attenuated beam power results in the amount of

energy expected to reach the component during the time inter-

val. The total energy reaching each component is summed over

all time intervals to obtain the total expected energy on

each component. The component Pk is then computed using the

user-defined Pk functions with the total expected energy as

the argument. Subgroup and total target Pk's are computed

using the target fault tree description to determine the

component interrelationships.

1-2
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The ASALT Program line printer output includes a descrip-

tion of the input parameters, an optional time trace showing

the total target Pk's at regular time intervals, and an end-

of-run damage summary which contains the final Pk's for the

components, subgroups, and the total target. The ASALT Pro-

gram requires approximately 140,0008 (4915210) words of

addressable memory (Hv 3000 Computer) , and makes use of two

input files and two output files.

ASALT INPUT REQUIREMENTS

The ASALT Program requires two input files as shown in

Figure 1-1, a Flight Path File and an ASALT Data Deck. A

detailed description of both input files is given in Sec-

tion III of the ASALT documentation (Reference 1). Sec-

tions II and III of this report are used to describe a

sequence of several other computer programs which can be

used to assist in assembling these data.

The tape symbol on the left side of Figure 1-1 r-epre-

sents the Flight Path File, which is a binary sequential file

that contains data describing the aircraft position and atti-

tude as it moves through the scenario. Each record in this

file contains a flag used to indicate whether or not the

aircraft may be engaged during that time step. The ASALT

Program will not simulate laser firing unless the flag per-

mits engagement. In this way such factors as clear line-of-

sight or acquisition envelopes can directly affect the results

1-3
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! ASARLT

PROGRtAM

T' " FLE 
ASALT

AFT7ER DATA DECK

FIGURE 1-1. ASALT Input Requirements.

from the ASALT Program. Section II of this report is used to

describe the techniques employed to generate the Flight Path

File.

The card shaped box in Figure 1-1 represents the ASALT.

Data Deck which contains the values necessary to describe

the laser weapon system, the target aircraft, and the atmo-

sphere around the laser. Since some parameters in the ASALT

Data Deck can be assembled only by users, this file is in an

easily modified card image format. Section IIT of this

report is used to describe the method for assembling these

data.

REPORT ORGANIZATION

This report is used to document the procedure utilized

for the ASALT benchmark run and serves as an example of an

ASALT execution. Copies of several input and output files

from the benchmark run described in this report are included

1-4
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in Appendix A. Section II, Flight Path File Assembly, con-

tains a description of the method for creating the Flight

Path File and is used to describe Figure A-i, a copy of the

output from the Engagement Model run used in the benchmark

procedure. The sequence used to assemble the ASALT Data Deck

is described in Section III, ASALT Data Deck Assembly. List-

ings in the Appendix referenced in Section III include a copy

of the final ASALT Data Deck used for the benchmark run as

well as listings of other programs employed in the data deck

assembly procedure. Section IV is used to describe a copy

of the line printer output from the ASALT benchmark run and

a discussion of that run. Appendix A also contains a copy

of the source code for the VAMERGE Program which is the only

undocumented program in the sequence utilized in this bench-

mark procedure. Following the appendix, is a page of refer-

ences for the other programs used in the benchmark procedure.

Input files are described as being either binary tape

files which consist of records, or card decks which consist

of formatted cards. All of these input files are read

sequentially. The distinction between tape files and card

decks is used to emphasize whether files are read by executing

_n'fctmattcd or formatted READ statements, respectively. The

words "card" and "tape" do not imply any specific device type

restrictions.

1-5
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STRENGTHS AND WEAKNESSES

The benchmark exercise revealed a few weak areas that

were corrected with minor programming changes. These prob-

lems and their corrections follow:

1. The QKLOOK programs as documented in Reference 4 are

limited to a maximum of 498 components in the air-

craft model. This limit had to be increased to

1398 components for the fighter aircraft model used

in this report. The procedure for increasing this limit

is clearly outlined in Appendix B of the QKLOOK

documentation (Reference 4).

2. The QKLOOK program, QKPK, could abort on some com-

puters with a small word size, especially with a

large target such as the F-18. By making the

variables, TNOW and TUSED, double precision the

problem can be prevented.

One of the strongest points of the ASALT benchmark pro-

cedure is that a fairly complex network of programs fit

together very well. Only one final step requires manual

modification of a file produced by one program before being

jseLd by the next. Other strong points are the readable line

_rinter output from the programs, and the thorough set of

documentation that exists for the programs used here.

1-6
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SECTION II

FLIGHT PATH FILE ASSEMBLY

The Flight Path File contains data used to describe the

position and attitude of the aircraft as it moves through the

scenario. Each record on this file contains a flag which

indicates whether or not the aircraft can be engaged. One

way of generating this input file is to use the FLYGEN Pro-

rjram (Reference 3) to build a flight path and then use the

ENGAGEMENT Model (Reference 2) to determine the engagement

intervals. Figure 2-1 is used to depict the addition of

these programs to the diagram depicted in Figure 1-1.

The Engagement Model is used to evaluate any combina-

tion of eight different engagement conditions which influ-

ence a ground weapon attempting to engage an aircraft. The

eight engagement conditions are presented in Table 2-1. The

engagement conditions selected by the user are specified in

the formatted input for the Engagement Model, represented in

Figure 2-1 by the card shaped box labeled "ENGAGEMENT CONDI-

TIONS". The two tape symbols in Figure 2-1 represent the

binary Flight Path File before and after the Engagement Model

has been used to determine the intervals for engagement. The

exact format and contents of both input files for the Engage-

ment Model are presented in Section V of Reference 2.

2-1
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FIGURE 2-1. Flight Path File Assembly.

The Engagement Model can use any flight path file in

the proper format. Program FLYGEN produces a file in the

correct format but almost any flight path generating program

could be modified to perform this task. If a flight path

2-2
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TABLE 2-1. Engagement Conditions for the Engagement Model.

1. FIELD OF FIRE
This test compares the weapon-to-target azimuth angle with user

specified limits. A 360-degree field of fire is allowed.

2. MINIMUM RANGE
The range from the weapon to the aircraft is compared with the

minimum range specified by the user.

3. MAXIMUM RANGE
The range from the weapon to the aircraft is compared with the

maximum range defined by the user.

4. ACQUISITION ENVELOPE
An acquisition envelope may be defined for the weapon in a tabular

form. The table contains maximum acquisition ranges as a function of
azimuth and elevation from the weapon location. The model is used to
perform a double interpolation of values from the table and compare
the interpolated maximum range with the weapon-to-aircraft range.

5. STATISTICAL TERRAIN PROBABILITY OF CLEAR LINE-OF-SIGHT
A probability of clear line-of-sight may be computed in one of two

ways:

a. A probability of clear line-of-sight can be interpolated from
values in a table containing probabilities as a function of
range and altitude from the weapon location.

b. A table listing boundary ranges and altitudes as a function of
azimuth may be used. In this method the weapon-to-target
azimuth is used to interpolate the boundary range and altitude
values from the table. The probability of clear line-of-sight
is 1.0 if the actual range is less than the boundary range, or
if the actual elevation is greater than the minimum elevation
computed from the boundary range and altitude.

The probability of clear line-of-sight is compared with a user-
specified minimum to determine when this engagement condition is
satisfied.

6. DIGITAL TERRAIN CLEAR LINE-OF-SIGHT
A direct access input file containing terrain altitudes at a user-

specified grid interval may be used to test for terrain masking. The
weapon-to-target line-of-sight altitude is compared with the terrain
altitude at every horizontal and vertical grid line intersection. A
clear line-of-sight exists if the terrain altitude is less than the
line-of-sight altitude at every intersection.

7. RADAR ACQUISITION AND COUNTERMEASURES
An acquisition radar for the ground weapon may be defined with

radar parameters and a target radar cross section array which varies
with azimuth and elevation look-angles. Additionally, jamming and/or
chaff countermeasures may be employed to nullify the radar acquisiton
capability.

8. IR LOCK-ON
An IR lock-on range equation may be used to test the lock-on capa-

bilities of such a device. This test allows the user to make use of a
large set of atmospheric transmission factors derived by previous study,
or to define a unique set of transmission factors.

2-3
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file which bypasses the Engagement Model is used as input for

the ASALT Program the results will be based upon the assump-

tion that the ]iser beam is able to engage the aircraft during

the entire flight path.

The execution of the Engagement Model used for this bench-

mark is the same as part of the sample problem described in

the ENGAGE documentation (Reference 2). Figure 2-2 is a con-

tour map which shows the terrain for the scenario, the laser

location, and the aircraft flight path. The solid lines on

the flight path represent intervals during which the aircraft

can be engaged and the dashed lines represent intervals during

which the aircraft cannot be engaged by the laser weapon sys-

tem. The line printer output for that execution of the

Engagement Model is Shown in Figure A-1.

2-4
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FIGURE 2-2. Engaged Flight Path Intervals for ASALT Benchmark.
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SECTION III

ASALT DATA DECK ASSEMBLY

The ASALT Data Deck contains the values necessary to

describe the laser weapon system, the target aircraft, and

the atmosphere around the laser. A major portion of this

input is the set of cards used to specify the name, location,

presented areas, and Pk functions for each aircraft component.

A sequence of four steps which can be used to assemble this

component information into the ASALT Data Deck is presented

in Table 3-1. Figure 3-1 is used to show this sequence of

steps added to the diagram from Figure 2-1. The sequence

added in Figure 3-1 includes a shot line generating program

such as FASTGEN (Reference 5), followed by several executions

of the QKLOOK Programs (Reference 4), and finally the VAMERGE

Program which is used to combine the QKLOOK output into the

ASALT Data Deck. The dashed line between the VAMERGE PROGRAM

box and the ASALT DATA DECK box in Figure 3-1 is used to

indicate that the ASALT Data Deck must be completed manually

by the user. This completion step includes specifying the

laser weapon location and the aircraft fault tree structure.

The next four subsections are used to discuss the four steps

in assembling the ASALT Data Deck.

3-1
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TABLE 3-1. Steps for Assembling the
ASALT Data Deck

1. Generate target shot line descriptions at 13 views.

2. Generate target vulnerable area tables at 26 views.

3. Merge the 26 vulnerable area tables.

4. Manually complete the ASALT Data Deck

GENERATE TARGET SHOT LINE DESCRIPTIONS AT 13 VIEWS

The QKLOOK Programs require a target shot line descrip-

tion as input. The format and contents of this file are

described in Section V of the QKLOOK documentation (Refer-

ence 4) under the subheading, QKPK Binary Input File. Fig-

ure 3-1 depicts this file as the output from the FASTGEN

Program (Reference 5). Other possibilities for this step

include Program SHOTGEN cr Program MAGIC (Reference 6)

followed by Program CONMAG from the QKLOOK set of programs.

The final ASALT Data Deck requires data from 26 aspect anj'les

around the aircraft but the reverse option in the QKLOOK

Programs can be used so that shot line descriptions at only

13 views are required for this step.

GENERATE TARGET VULNERABLE AREAS AT 26 VIEWS

This is the longest step in preparing input data for an

ASALT run because it involves the repeated execution of the

QKLOOK Programs. These programs are used to evaluate the

vulnerability of a target to high-energy laser irradiation at

one constant aspect angle. Before this step could be started

3-2
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for the fighter aircraft model used in this benchmark problem,

two changes were required in the QKLOOK Programs: the maximum

number of components was increased from 498 to 1398 using the

code changes outlined in Appendix B of the QKLOOK documentation

(Reference 4), and Program PEAKAY was modified so that PEAKAY

Binary Output FILE 3 was kept separately from the other output

files which were not needed.

The QKLOOK Programs require as input, a formatted data

deck which contains the component characteristics for the

target aircraft, and a binary target shot line description

file. The card shaped box in Figure 3-1 labeled "COMPONENT

CHARACTERISTICS" represents the QKLOOK formatted input deck.

A copy of this input file for the benchmark problem is pre-

sented in Figure A-2. Since the component characteristics

do not change with different aspect angles, the same input

deck is used for the different views for each execution of

the QKLOOK Programs. The QKLOOK Program, PRERD, should be

executed once to check for possible errors in the QKLOOK

formatted input deck. The binary shot line description files

are the 13 files produced by executing the FASTGEN Program in

the preceding step. Notice that QKLOOK Program, CONMAG, is

not needed in this case because the shot lines files from

FASTGEN are in the proper format for QKLOOK. Each target

shot line file is used twice as QKLOOK input, once without

the reverse flag set as shown in Figure A-2, and once with

3-4
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the reverse flag set on Card QK2. Since each of the 13 target

shot line files is used twice as input for QKLOOK Program, QKPK,

a total of 26 target vulnerable area files are produced.

Only data for critical components are contained in the

vulnerable area files even though the entire target model is

considered when computing the burn-through times. Therefore

the vulnerable areas for the critical components are numbers

which reflect the shielding effects of all other components.

The ASALT Program does not need to handle the large complete

target model but rather only the smaller set of critical

comoonents.

An alternative in this step is that the vulnerable areas

for the systems of components computed by the QKLOOK Program

PEAKAY and written on PEAKAY Binary Output, File 4, could be

used for the vulnerable area files. This alternative would

require some changes in Program VAMERGE and provide a different

level of answers in the ASALT output.

MERGE THE 26 VULNERABLE AREA TABLES

Program VAMERGE was written for the benchmark procedure

due to the need for a method to quickly and accurately com-

bine the data from several QKLOOK runs. Appendix A of this

manual contains a copy of the VAMERGE source code (Figure A-7).

The current version of this program requires 31 different

input files. The input files read from Logical Units #1,

3-5
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#2, and #3 are three target shot line files from Program

FASTGEN at three orthogonal views, and are used in Subroutine

GETXYZ to determine the locations of the critical components

in the Aircraft Coordi.ate System. The number of critical

components is read from Logical #5. This value is necessary

to properly read the target vulnerable area files as well as

the component name file, and can easily be found in the output

from the QKLOOK Procram PEAKAY. The input file read from

Logical Unit #7 is used in Subroutine NAMES to assign an

eight character name for each critical component. The 26

target vulnerable area files from the QKLOOK run are read

from Logical Units #11 through #36.

Two output files are produced by executing the VAMERGE

Program. A lot of useful information is presented in the

standard line printer output from Logical Unit #6. The out-

put file that can b- modified to be used as the ASALT Data

Deck is written on Logical Unit #4. Figure A-3 is a copy of

the VAMERGE output written on Logical Unit #6 for the bench-

mark problem. The first 52 pages of Figure A-3 are an echo

of the vulnerable areas at each of the 26 views computed by

executing the QKLOOK programs.

Pages 53 and 54 of Figure A-3 contain the coordinates of

the critical components in the Aircraft Coordinate System as

computed in Subroutine GETXYZ. Note that components with

coordinate values of .00 and the value "0" in the sample

3-6
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column are components not intersected in any of the three

shot line files. The user must manually provide accurate

coordinates for those components before running ASALT.

Pages 55 through 69 of Figure A-3 contain the values for the

component presented areas and widths at the 26 look-angles

in a readable form. These values were read from the 26 tar-

get vulnerable area files in square feet and feet and con-

verted to square meters and meters before being printed

during execution of the VAMERGE program. The last two pages,

70 and 71, of Figure A-3 contain the component Pk functions

computed during execution of Program VAMERGE. The component

Pk functions were computed by dividing the vulnerable area

at each time increment by the presented area from the target

vulnerable area files, and averaging the Pk's computed at

each of the 26 views. The output shown in Figure A-3 is

intended to be readable and useful to analysts. The same

values are written in the format required for the ASALT Data

Deck on Logical Unit #4. Figure A-4 is a copy of this out-

put which requires a few changes before it can be used as

the ASALT Data Deck.

MANUALLY COMPLETE THE ASALT DATA DECK

The final step required before running the ASALT Program

is to finish the ASALT Data Deck. Most of this file has been

completed by executing Program VAMERGE. Figure A-5 is a copy

of the final corrected ASALT Data Deck. One method of doing

3-7
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this task is to look at the ASALT Data Deck Setup in Fig-

ure 3-1 of Reference 1 and the card description forms in

Section III of Reference 1 to verify the validity of the

values provided by the VAMERGE program. Normally, Card

Types 3, 4, 5, 13, 14, and 15 are correct. The rest of the

cards must reflect values the user wants in the scenario.

The weapon location and coordinate system reference point

on Card 2 should be copied from the Engagement Model output

(see Figure A-l). Any components with invalid coordinates

on Cards 13 can be found by scanning the critical component

coordinates in the VAMERGE line printer output (see Fig-

ure A-3). For some of the other cards, reasonable values

are provided by the VAMERGE Program and may not require

changes. The last several cards required in the ASALT Data

Deck are Card Type 17, and are used to define the aircraft

fault tree structures. These cards must be added by the

user as indicated by the note printed at the end of the

VAMERGE output in Figure A-4. Table 3-1 of Reference 1

contains a set of helpful rules for assembling the fault tree

descriptions.

3-8
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SECTION IV

ASALT BENCHMARK RUN

After the Flight Path File has been built as described

in Section II, and the ASALT Data Deck assembled as described

in Section III, the ASALT Program can be executed. The Flight

Path File is read from Logical Unit #10 and the ASALT Data

Deck is read from Logical Unit #5. Figure A-5 is a copy of

the ASALT Data Deck used for the benchmark run. The ASALT

line printer output from the benchmark run is shown in

Figure A-6. Section IV in the ASALT Documentation (Refer-

ence 1) contains a description of this output.

Aircraft fault trees were defined for two kill categories,

K-KILL and M ABORT for the benchmark run. The K-KILL fault

tree consists of a few subgroups with redundant components

with the majority of the fault tree containing singly vul-

nerable components. For the M ABORT fault tree, the aircraft

model consists of all critical components in one singly

vulnerable arrangement. Pages 3 through 15 of Figure A-6

contain these fault tree diagrams. Seven aim points are

used in the benchmark run with each aim point designated to

be near a particular set of components. Aim points 5 and 6

are associated with the highest Pk values in this benchmark

run.

Users can spend a substantial amount of time and effort

in preparing for one ASALT run. However, after the initial

4-1
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set of input is assembled, a lot of variables can be evaluated

without repeating the complete procedure again. For example,

different aircraft fault tree structures can be compared by

simply rerunning the AZALT Program with the modified fault

tree input. A new set of engagement conditions can easily be

specified for another execution of the Engagement Model, pro-

viding a different scenario for analysis by running ASALT.

Different aim points are easily specified in the ASALT Data

Deck, and may reveal more sensitive spots in the aircraft

design. All of these can be evaluated with small changes to

the input files and rerunning only one or two programs in the

sequence.

4-2
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APPENDIX A

COMPUTER PRINTOUTS

In order to provide continuity in the documentation of the

ASALT benchmark, copies of all referenced computer printouts are

presented in this appendix. Each printout is identified by a

distinct figure number and is preceded by a short paragraph used

to describe its contents and length. The seven figures in this

appendix are:

Figure Title Page

A-i Engagement Model Output for ASALT Benchmark A-2

A-2 QKLOOK Formatted Input for ASALT Benchmark A-9

A-3 VAMERGE Line Printer Output for ASALT Benchmark A-33

A-4 VAMERGE Output for ASALT Data Deck A-105

A-5 Final ASALT Data Deck for Benchmark A-1I6

A-6 Line Printer Output for ASALT Benchmark A-127

A-7 VAMERGE Source Code A-148

A-i
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Figure A-i. Engagement Model Output for ASALT Benchmark

This figure consists of six pages (A-3 through A-8) and is

a copy of the output from the Engagement Model Computer Program.

The values for the flight path coordinates and the "can" or

"cannot" engage status associated with each point are used in

another format, as input for the ASALT Program.

A-2
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Figure A-2. QKLOOK Formatted Input for ASALT Benchmark

The data on the 23 pages (A-10 through A-32) of this fig-

ure must be assembled manually. They consist primarily of

component characteristics for the aircraft model, and are

used as input for Program QKPK from the set of QKLOOK Programs.
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Figure A-3. VAMERGE Line Printer Output for ASALT Benchmark

There are 71 pages (A-34 through A-104) in this copy of

line printer output from the execution of Program VAMERGE for

the ASALT Benchmark.
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Figure A-4. VAMERGE Output fcr ASALT Data Deck

These ten pages (A-106 through A-115) are a copy of the

output written on Logical Unit #4 by executing Program VAMERGE.

It represents the computer generated portion of the ASALT Data

Deck which requires a few manual modifications before it can be

used as input for the ASALT Program.
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Figure A-5. Final ASALT Data Deck for Benchmark

These ten pages (A-117 through A-126) are a copy of the

final ASALT Data Deck used for the benchmark run. Most of the

data is the output from Program VAMERGE, but the pages also

include several additional items required as input for the

ASALT Program.

A-116

. . . .. . + . . . .
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Figure A-6. Line Printer Output for ASALT Benchmark

These 20 pages (A-128 through A-147) are a copy of the line

printer output generated during execution of Program ASALT using

the input data assembled for the benchmark run.
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Figure A-7. VAMERGE Source Code

These 11 pages (A-149 through A-159) contain a copy of the

source code for rogram VAMERGE which is tIC only undocumented

program used in the ASALT benchmark sequence.
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